We examined a Hutterite population (n ‫؍‬ 243) to determine if their agriculturally diverse, self-sufficient communal lifestyle promotes optimal bone mass attainment because of adequate calcium intake and high physical activity levels during growth and young adulthood. We measured total body (TB) and lumbar bone mineral content (BMC) and bone mineral density (BMD) in 39 school-age ( 
INTRODUCTION

I
T IS generally assumed that peak bone mass (bone mineral content [BMC] ) is reached by the end of the third decade of life.
(1) Achieving a high peak bone mass may reduce future fracture risk resulting from age-related bone loss. Adequate calcium intake during the first three decades of life is one critical factor in attaining peak bone mass. (2) Previous research has indicated that weight-bearing exercise during adolescence and young adulthood may have beneficial effects on skeletal development. (3) The interaction of appropriate exercise and adequate calcium nutrition appears to stimulate skeletal activity to a greater extent than either factor alone. (4) However, consistently low average calcium intakes among U.S. females have hindered the ability of researchers to examine the effect of lifestyles that combine optimal calcium intake with optimal physical activity levels over extended periods of time.
The Hutterite culture evolved from a unique interpretation of the Anabaptist religious doctrine stemming from the Protestant movement of the 1500s. Currently, approximately 370 colonies exist worldwide with ϳ70% based in Canada and ϳ30% in the upper midwest of the United States. The Hutterites believe strongly in communal living and equal distribution of material goods and labor among colony members. Each colony relies on highly efficient, technologically advanced, diversified agricultural operations in both grain and livestock to remain self-sufficient and isolated. Hutterites construct new colonies to accommodate expansion of the colony population (maximum, 150 members per colony). Dietary intakes reflect colony agricultural emphasis and use of a common dining hall results in similar intakes among members within a colony. Dairy products are the primary calcium source for all colonies.
All schooling takes place on the colony with Hutterite children attending a traditional public school as well as a daily German school and Sunday school through eighth grade. Longer school days due to these educational customs may result in the younger Hutterite children spending less time engaged in normal childhood physical activity compared with typical U.S. schoolchildren. However, after eighth grade (approximately 15 years of age), females become involved in a strenuous rotation of tasks occupying the majority of each day, including gardening, cleaning, painting, kitchen and laundry duties.
Hutterite females usually marry and move to the groom's colony at ϳ20 years of age. Opposition to birth control results in large Hutterite families, typically 6 -7 members in size. During pregnancy and after childbirth, a Hutterite woman maintains the majority of her work responsibilities but is allowed flexibility. Child rearing is primarily a colony effort. (5) Although Hutterite females are allowed to retire to duties of their choosing at age 40 -45 years, the majority tend to maintain most of the tasks well beyond this age.
We examined a Hutterite population to determine if their communal lifestyle represents an optimal environment for achieving high peak bone mass in females caused by the combination of adequate dietary calcium intake during growth and high levels of physical activity early in life. In addition, because most married Hutterite females spend their postmarriage years on a different colony than their premarriage years, we expected that identifying colonies with dairy production emphasis (translating to greater availability of dairy in the colony diet) would allow for comparisons of different dairy intakes in childhood versus adulthood. We originally hypothesized that older female Hutterites who were raised on colonies with higher calcium intake would have higher bone mass than older women raised on colonies with lower calcium intake, and that calcium intake earlier in life (before marriage) would more strongly correlate to bone mass of the older Hutterite women than calcium intake after marriage. However, we found that dairy products are easily available on all colonies and generally are provided by outside sources rather than colony production. Thus, inadequate data were available to examine effects of previous calcium intake on adult bone parameters.
In the present study, we tested the following hypotheses: (1) female Hutterites will have higher bone mineral density (BMD) compared with the U.S. population as measured by lumbar and total body (TB) BMD Z scores and (2) high BMC in female Hutterites will be associated with high dietary calcium intake and high levels of physical activity.
MATERIALS AND METHODS
We examined 243 females 8 years of age and older from eight Hutterite colonies in the eastern South Dakota region. Younger females were defined as those still attending school (n ϭ 39) and older females as those who had finished school and entered the work rotation (n ϭ 204). The protocol was approved by the South Dakota State University Human Subjects Review Board. Verbal or written consent was first obtained from the president or head figure for each colony, followed by individual written informed consent from all subjects or parents.
Questionnaires were distributed and completion procedures were explained carefully among female colony members. Study personnel were readily available to facilitate accurate questionnaire completion. Information collected included medical history, reproductive history, menstrual status, historical and current dairy intake, colony history, medications, and previous and current physical activity levels. Each questionnaire was reviewed and verified by study personnel before subject testing. Subjects were asked to categorize past and current dairy intake according to the following scale: 1, 1 svg/day or less; 2, 2 svg/day; 3, 1 svg/meal; and 4, 2 svg/meal or more. A subject's recall of dairy intake was based on recollection of her consumption practices for each previous colony on which she lived. Weighted averages for dairy intake were calculated for each subject for age categories 1-12 years, 12-20 years, and 20ϩ years.
Individual past and current activity levels were determined by subjects' estimation of hours per day spent moving around on their feet during school-age years and currently (past or current hours on feet). Activity levels were further assessed by determining a specific "work ratio" for each colony (total number of women age 15-50 years/total number of colony members). Thus, a lower work ratio would imply that greater amounts of work are distributed among fewer working females on a colony (i.e., a negative relationship between calculated work ratio and actual work levels exists). By subtracting the calculated work ratio value from one, and defining the resulting term as "colony workload," a positive correlation between calculated and actual work levels was obtained.
Estrogen-replete females were identified as those individuals who were either postmenarche ϩ premenopause or menopausal ϩ receiving hormone-replacement therapy (HRT). Estrogen-deplete females were identified as those who were menopausal ϩ not receiving HRT. Premenarche females were not included in the analyses related to estrogen status.
Height without shoes was measured to the nearest 0.5 cm and weight with light clothing was measured to the nearest 0.1 kg. Lumbar (L1-L4) and TB BMC and BMD were measured on all subjects using dual-energy X-ray absorptiometry (DXA; Hologic QDR 4500A; Hologic Inc., Waltham, MA, U.S.A.). Manufacturer-supplied software allowed for determination of lumbar Z scores for all ages and TB Z scores for individuals Ն20 years of age. Our CV is 0.80% for lumbar BMC, 0.69% for TB BMC, and 0.45% and 0.74% for lumbar BMD and TB BMD, respectively.
Body composition (fat and lean mass, g) and percent body fat also were measured by DXA. All DXA scans and analyses were performed by the same trained technician following standard quality control procedures. In the case of potential pregnancy, a urine test was administered before DXA scanning and pregnant subjects were excluded.
Data were entered into a JMP (SAS Institute, Cary, NC, U.S.A.) statistical software version 3 data file and variables were verified for normality before analysis. Comparison of the Hutterite population with the U.S. population was made using lumbar or TB BMD Z scores by testing the hypothesis that the mean Z score for the Hutterite females was greater than zero. A Z score significantly greater than zero is consistent with a reduced risk of developing osteoporosis with age. General linear model techniques were used to evaluate the relationship between both lumbar and TB BMC or bone area and age, anthropometric variables, current and past dairy intake, measures of physical activity, and reproductive history. Variables that were significant at p Յ 0.10 in the univariate analyses were included in a forward stepwise regression to determine the final statistical model. The stepwise regression analysis for BMC included bone area as an independent variable. Twice the standardized ␤-coefficient of the mothers' lumbar BMD Z scores from the multiple regression predicting the daughters' lumbar BMD Z scores was used to obtain the heritability estimate. (6) Data are presented as mean Ϯ SD.
RESULTS
Population characteristics for younger and older Hutterite females are presented in Table 1 . Two hundred thirty-one of the 243 subjects evaluated are included in the analyses. Twelve were eliminated from the analyses: eight because of present lactation, one because of Parkinson's Disease, two because of apparent scoliosis, and one because of extreme obesity. One subject was included in the analyses for all females but eliminated from the analysis for older females because she was the only individual in the work rotation that had not achieved menses. The younger (school-age) group consisted of 38 females ranging in age from 7.7 to 14.8 years and one female age 17 years who was continuing with school and had not joined the regular work rotation. When this individual was included in the analyses for older females or excluded from the analyses for younger females, results described below were not significantly altered. The older group consisted of females who had finished school and entered the work rotation (age range, 14.4 -77.7 years). We visited eight colonies to perform scans.
For all females, lumbar BMD Z scores increased with increasing age (n ϭ 231; r ϭ 0.46; p Ͻ 0.001; Fig. 1 ). This increase in lumbar BMD Z scores with age was a result of BMD values similar to the normative database in younger females and an apparent lack of decline in BMD with age in a large proportion of older females (Fig. 2) . TB BMD Z scores were available only for females older than 20 years of age and were found to be higher with increasing age (n ϭ 138; r ϭ 0.20; p ϭ 0.02; Fig. 3 ). The lumbar BMD Z score and TB BMD Z score were greater than zero for older females. The lumbar BMD Z score was not different from zero for younger females ( Table 1) .
The variables associated univariately with lumbar BMC, TB BMC, and bone area for older females are shown in Table 2 . Variables not significantly associated with the bone parameters in univariate analyses also were checked after including height, weight, and bone area (for BMC analyses) in the statistical model as covariates. This resulted in the inclusion of estrogen status in the forward stepwise regression for TB BMC and in years on present colony and estrogen status in the regression analysis for TB bone area. An initial stepwise regression analysis identified lumbar bone area, weight, dairy intake from age 20 years to present, colony workload, and estrogen status as significant predictors of lumbar BMC. However, because about one-fourth of the working females were less than 20 years of age, including dairy intake from age 20 years to present eliminated these individuals from the analysis. Thus, the final model for lumbar BMC reported in Table 3 represents the analysis without including dairy intake from age 20 years to present in the forward stepwise regression. In the final multiple regression analysis, lumbar BMC was associated with lumbar bone area, weight, current hours on feet, colony workload, and estrogen status. Height, weight, colony workload, dairy intake from age 12-20 years, and estrogen status predicted lumbar bone area. TB BMC was associated with TB bone area, current hours on feet, and colony workload, whereas TB bone area was related to height, weight, colony workload, and estrogen status (Table 3) .
HIGH BONE MASS IN HUTTERITES
Univariate results for lumbar and TB BMC and bone area for younger females are given in Table 2 . Variables not significantly associated with the bone parameters in univariate analyses also were checked after including height, weight, and bone area (for BMC analyses) in the statistical model as covariates. In the regression analysis, lumbar BMC was associated with lumbar bone area, weight, years on present colony, and menses. Lumbar bone area was related to height and menses. TB BMC increased with TB bone area, height, years on present colony, and menses. Height, weight, and menses predicted TB bone area (Table  3) . Although inverse relationships between the bone parameters and colony workload were apparent after univariate analyses in younger females, these relationships were nonsignificant in the multiple regression analyses. Young females from colonies with a higher workload were significantly younger (r ϭ 0.31; p ϭ 0.06) and had been on the colony for fewer years (r ϭ 0.56; p Ͻ 0.001) than those females from colonies with a lower workload.
For older females, the colony specific measure of physical activity (colony workload) was marginally correlated with the individual specific measure of physical activity (current hours on feet; r ϭ 0.16; p ϭ 0.03). Because workload was a colony specific measure of physical activity, it was not possible to separate the effects of workload from colony differences. The mean current hours on feet was different by colony ( p Ͻ 0.001) and ranged from 8.7 Ϯ 3.6 h/day to 12.4 Ϯ 2.7 h/day. The average colony workload was 0.70 Ϯ 0.03 and ranged from 0.65 to 0.76. Both workload (r ϭ Ϫ0.28; p Ͻ 0.001) and current hours on feet (r ϭ Ϫ0.45; p Ͻ 0.001) were inversely related to years on the present colony, with workload and current hours on feet being greater among females in more recently constructed colonies. Age also was associated with years on the present colony (r ϭ 0.28; p Ͻ 0.001); however, neither workload nor hours on feet was associated with age (r ϭ 0.07 and p ϭ 0.34 and r ϭ 0.12 and p ϭ 0.10, respectively). Therefore, the inverse association between workload and years spent on the present colony most likely reflects an increased workload on the younger colonies rather than a decreased workload in older women.
There were 67 mothers with 123 daughters who participated in the study. Lifestyle variables that were associated with lumbar BMC (current hours on feet, workload, and years in present colony) and the daughter's age, height, and weight were included in a forward stepwise multiple regression model to determine which variables were associated with the daughters' lumbar BMD Z scores (n ϭ 122 pairs). Figure 4 shows the correlation between mother and daughter lumbar BMD Z scores. The daughters' lumbar BMD Z scores were associated with their age, weight, and colony workload with or without the mothers' lumbar BMD Z scores. The heritability estimate for lumbar BMD Z scores was 0.66. A correlation coefficient of 0.51 was observed in 42 mother-daughter pairs that had TB BMD Z scores. The relationship between mother and daughter TB BMD Z 
DISCUSSION
Our findings support the hypotheses that traditional Hutterite living customs may promote high peak bone mass attainment by facilitating adequate levels of dairy consumption and demanding participation in a physically strenuous labor rotation for females beginning at age 15 years. Hutterite females report consuming an average of 2-3 svg of dairy products per day, with 45% of older females and 79% of younger females consuming at least 3 svg/day. This high dairy intake should supply substantial dietary calcium and vitamin D for Hutterite females. The present study indicates that educational customs may result in Hutterite children spending less time engaged in childhood physical activity compared with normal U.S. schoolchildren less than 15 years of age. Our finding of lumbar BMD Z score values similar to or lower than the normative database in younger females but above normal in a large proportion of older females (Fig. 2) is compatible with the theory of lower activity levels in Hutterite children resulting in a delay in optimal skeletal response until activity is increased posteducation.
In older females, multiple regression analyses indicated that two measures of activity (current hours on feet and colony workload) were associated with BMC. Calcium intake age did not consistently emerge as a significant predictor of BMC. For older women, the reliability of the individual physical activity measure (current hours on feet) 
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was strengthened by its significant correlation with the colony physical activity measure (colony workload). However, because both measures of activity (current hours on feet and colony workload) were different by colony (not shown), it was not possible to determine with certainty whether the observed association between activity and bone mass was because of higher levels of activity or other unknown factors that were different by colony.
Multiple regression analyses in younger females indicated that years spent on the present colony represented the only lifestyle factor associated with BMC. We found significant differences by colony in the number of years spent on the present colony (not shown), and workload tended to be higher with a lower number of years spent on the present colony. Thus, more work may be required of fewer individuals in order to build a new colony. A higher overall colony workload may translate to higher overall activity during nonschool hours among school-age females on newer colonies versus school-age females in established colonies. We speculate that the activity during nonschool hours on newer colonies may be of greater intensity but not greater duration, resulting in no significant difference by colony in reported current hours on feet among Hutterite females less than 15 years of age. The observation of colony workload as a predictor of projected bone area in multiple regression analyses for older females suggests that physical activity may influence bone size (i.e., cross-sectional area). A similar observation was not apparent in younger Hutterite females. It is possible that bone area by DXA is inappropriate for determination of effects of activity on changes in bone size if the changes occur as decreased endosteal diameter and unchanged periosteal diameter, leading to increased cortical thickness, as suggested by previous investigators. (7, 8) In our opinion, the failure of calcium intake at any age period to appear consistently in the final statistical models may indicate that a high proportion of Hutterite females is receiving adequate calcium nutrition, thereby resulting in no additional benefit for individuals consuming higher versus lower levels of dairy products in this population. It is possible that significant dietary calcium from nondairy sources, such as green leafy vegetables, is provided in the Hutterite diet. Because our questionnaire was limited to dairy intake, it was not possible to determine if there were significant levels of calcium intake from other sources. It is unclear whether inclusion of this information would improve the calcium intake estimate enough to impact significantly the final statistical models. In addition, because of the relatively small range of calcium intake and physical activity levels, our data did not allow us to test satisfactorily for the possible presence of a positive interaction between calcium intake and physical activity levels as suggested by previous researchers. (4) The increase in lumbar and TB BMD Z scores with age ( Figs. 1 and 3 ) may indicate that female Hutterites do not experience the same decline in bone mass as the normal aging U.S. female population. Our data suggest that this outcome may be the result of ideal lifestyle factors as well as possible genetic influences (Fig. 4) . From our crosssectional data, it is difficult to determine whether the observed high BMC among current adult Hutterites is caused by a true lack of bone loss with age or is an effect of different environmental influences on peak bone mass in the past versus current. Our heritability estimate and the strong correlation between mother and daughter lumbar and TB BMD Z scores point to the need for further genetic analyses concerning bone mass among Hutterites. Heritability estimates from previous studies include both genetic and environmental influences inherent to the population. Although the heritability estimate we observed is similar to that reported by other investigators, (9, 10) the homogeneous environment among Hutterites may indicate a stronger effect from genetic factors compared with environmental factors in this population. Development of extensive genetic pedigrees for this population is feasible because of the availability of comprehensive family records.
Our findings are in agreement with other cross-sectional and longitudinal investigations that have consistently shown an association between previous physical activity levels and adult bone measurements. (1, 3, 8, (11) (12) (13) (14) (15) (16) (17) Randomized trials have shown beneficial effects of exercise during the years leading to peak bone mass attainment. (18, 19) In the present study, physical activity levels from age 15 years to the present appear to be the strongest predictor of BMC in adult female Hutterites.
In summary, our data indicate that high levels of physical activity beginning in the teen years in the presence of adequate calcium over a lifetime may result in increased bone gain in Hutterite females who have not yet reached peak bone mass and subsequent above normal (compared with U.S. females) adult bone density. Further understanding of the roles of lifestyle and genetic factors as determinants of bone density in Hutterite females is necessary because this population appears to be significantly less susceptible to the development of osteoporosis than normal U.S. females.
FIG. 4.
Correlation between mother and daughter lumbar spine BMD Z scores (r ϭ 0.49; p Ͻ 0.001). A heritability estimate of 0.66 was obtained when the daughters' ages, weights, and colony workloads were included in the statistical model (n ϭ 122 pairs).
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